sample equilibrated for 3 days at 20°C indicated a lamellar gel phase to hexagonal-I1 phase transition with a transition time of approximately 2 min. An initial T-jump of approximately 3". s -' indicated that the transit time for this transition was about 25 s. Subsequent T-jumps from the metastable gel phase to the liquid crystalline phase produced transitions of 10 s duration. The transition in all cases was characterized by the co-existence of both the lamellar and hexagonal phases. These results indicate that even at its fastest, the lamellar to hexagonal-I1 phase transition in monogalactosyldiacylglycerol is an order of magnitude slower than the lamellar to hexagonal phase transition for phosphatidylethanolamines (Caffrey, 1985) .
The isothermal conversion between gel and crystalline lamellar phases (L, to L,) in monogalactosyldiacylglycerol-water systems was also examined (Fig. I) . After approximately 8 m h at 20°C the diffraction pattern shows a dramatic peak at 0.725nm, consistent with a change in the cytoskeletal packing of the sugar moieties of the lipid. The intensity of this feature decays as a function of time, presumably as the phase relaxes into the low-temperature-modified crystal phase observed by calorimetry (Sen et al. 1983) . The appearance of this large peak is indicative of the L, phase, while a pattern with a very low intensity peak at approximately the same position is characteristic of the L, phase.
Synchrotron radiation provides a method for investigating the structural changes associated with phase transitions in lipid-water systems. Temperature jump and temperature scan methods employing circulating water through the sample cell chamber gives limits to the kinetics of the molecular events associated with these transitions. Isothermal studies provide information about structural changes during relaxation processes between phases.
The work was performed on the Daresbury Synchrotron Radiation Source with support from an S.E.R.C. grant. Dr. Colin Nave assisted in the measurements on samples supplied by Azad Mansourian. L. J. L. was supported by a travel grant from the Burroughs-Wellcome Fund. The procedure known as rapid freezing (Bray, 1961) involves quenching reacting solutions by squirting into a cold immiscible solvent. The procedure has a time resolution comparable with that of stopped flow, and has been widely used in following the time course of reactions between enzymes and substrates by low-temperature e.p.r. spectroscopy. In principle, rapid freezing can be used for similar studies in conjunction with, in place of e.p.r., other spectroscopic methods that give information on frozen samples. Extended X-ray absorption fine structure spectroscopy (EXAFS) is such a method. We now describe the first application of the rapid freezing procedure to EXAFS studies. We selected for this the molybdenum centre of xanthine oxidase, which has been studied extensively by e.p.r. of Mo(V), and also by EXAFS (for refs see Bray & George, 1985) , seeking information on the transient intermediate giving the e.p.r. signal known as Very Rapid. We generated this by using the slow substrate lumazine (Bray & George, 1985) . Xanthine oxidase low in the desulpho form was prepared (A. Ventom & R. C. Bray, unpublished work) by affinity chromatography (cf. Nishino et al. 1981). Rapid freezing was as described by Gutteridge et al.
(1 978). Enzyme and substrate solutions in syringes were driven through a mixing chamber and via an appropriate dead space to a jet drawn from nylon tubing. From this the mixture (usually 0.3 ml) was shot (at a linear velocity of 13m/s) across a 1 cm air gap into a test tube containing isopentane at -140°C, in which the EXAFS cell was located (Fig. I) . After shooting, the frozen sample settled (cf. Bray & George, 1985) and was packed into the EXAFS cell (Fig. I) . The cell containing the frozen sample was transported from the University of Sussex, Abbreviation used: EXAFS, extended X-tzy absorption fine structure.
Vol. 14 U.K., to S.S.R.L., Stanford University, U.S.A., for EXAFS measurements. These were carried out at 4 K and data were analysed by procedures similar to those of Cramer et af. (1981) Despite its giving the best characterized e.p.r. signal from xanthine oxidase, there remain open some questions on the structure of the Very Rapid intermediate (Bray & George, 1985) . An EXAFS study is therefore of considerable potential value. Since EXAFS is not good at characterizing mixtures, we aimed to produce samples containing molybdenum essentially in a single chemical state. Kinetic studies of the turnover of lumazine by Fig. 1 . Arrangement of EXAFS cell for rapid freezing The plastic cell (A) (without lid) was located in the hopper arrangement (B), within a test tube (150mm x 25mm) containing cold isopentane. After shooting, the sample settled into the hopper and was pressed into (A), with the packing rod (C). When the cell was fully packed the hopper was removed briefly from the isopentane and the sliding plate (D) removed from beneath it, permitting the cell to drop into liquid N,.
BIOCHEMICAL SOCIETY TRANSACTIONS xanthine oxidase indicate (George, 1983 ) that peak development of the Very Rapid species (at 600ms reaction time at 20°C and pH 10.2) corresponds to only 1-2% of the molybdenum in the signal-giving species. However, under these conditions 8&85%0 of the metal should be present as a Mo(IV) species analagous to Very Rapid (Bray & George, 1985) . Samples prepared under these conditions should thus come close to the homogeneity required for unambiguous EXAFS analysis. EXAFS and edge spectra of a lumazine Very Rapid sample were recorded and analysed in detail. Full results will be presented elsewhere (G. N. George, R. C. Bray & S. P. Cramer, unpublished work). Computer simulation of the data indicated the presence of one Mo = 0 roup at 1.72A, two to three M o -S groups at 2 . 3 8 1 and one M o -4 (or Mo-N) group at 2.02 A. Both EXAFS and edge spectra were consistent with the sample being predominantly in the Mo(1V) state. Additionally, the presence of 'oxo-edge' features supported the presence of an Mo=O group in the Very Rapid species. In contrast, no evidence for a Mo=S group was found. These results indicate that some re-interpretation of the structure proposed for e.p.r. studies for the Very Rapid species is required. Additional work not only by EXAFS but also by electron-nuclear double resonance and using S-band e.p.r. should provide important new information. Simplified pictures of proteins showing a-helices and j?-sheets as either cylinders or ribbons are widely employed (Richardson, 1981; Lesk & Hardman, 1984; Connolly, 1985) . In this communication, a new method is presented that allows more detail to be presented. The positions of the main chain a-carbon atoms are averaged (MilnerWhite, 1985; Milner-White & Poet, 1985) and the different types of hydrogen bond between main chain atoms are represented by lines of different colours and thicknesses joining the averaged a-carbon atoms. This allows various types of helices, /?-sheets, /?-bulges and turns to be visualized. Disulphide bonds are represented in the same way as hydrogen bonds.
The main chain of a protein is represented by thick blue lines, the intensity of the blue depending on the depth. The position of each a-carbon is specified by the average of five adjacent a-carbon atoms (the atom itself, plus those two ahead and two behind). Colours are assigned to the line representing each hydrogen bond according to the relative position in the sequence of the two amino acids being joined. Where there are hydrogen bonds between both NH and CO atoms of two pairs of amino acids they are drawn as thickened lines, the colour The Figure shows a computer-generated black and white plot of residues 18-50 of scorpion neurotoxin (variant 3). A p-hairpin loop lies to the front and an u-helix lies behind it. The fl-hairpin has a p-bulge which is visible as a V-shaped pair of hydrogen bonds at the left-hand side. At the right-hand end is a tworesidue loop (Sibanda & Thornton, 1985) . The N-terminal end is marked by a square symbol, and the C-terminal end by a circular symbol. Disulphide bonds have been omitted. In this Figure the hydrogen bonds have all been plotted with the same intensity.
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